What is already known
=====================

-   The previous RCP childhood urinary tract infection imaging guidelines result in many children being investigated for each abnormality found.

-   National Institute of Health and Care Excellence (NICE) introduced the CG54 guidelines to improve imaging efficiency by selecting higher risk cases.

-   The CG54 guidelines were not tested against existing guidelines before being introduced.

What this study adds
====================

-   The CG54 guidelines have a similar efficiency to the existing Royal College of Physicians (RCP) guidelines, but their sensitivity for detecting scars, vesicoureteric reflux (VUR) or other renal tract abnormalities are only 0.4, 0.1 and 0.4.

-   The RCP guidelines can be made more efficient by restricting their routine use to children aged \<8 years and still detect most children with scarring.

-   The NICE guidance should be reconsidered.

Introduction {#s1}
============

From 1991, most UK paediatricians managed urinary tract infections (UTIs) according to recommendations from the Royal College of Physicians (RCP),[@R1] but these generate a high imaging burden ([table 1](#ARCHDISCHILD2013304429TB1){ref-type="table"}) and were not felt to substantially improve the outcomes for children. Thus, the National Institute of Health and Care Excellence (NICE) drew up new guidelines[@R2] (CG54) in 2007 which were designed to reduce the imaging burden by investigating higher risk children, using the selection criteria summarised in [table 2](#ARCHDISCHILD2013304429TB2){ref-type="table"}. The Newcastle GPs and the Newcastle upon Tyne Hospitals NICE Guideline Committee undertook a preimplementation audit of CG54 against their existing RCP-based guidelines because CG54 had not been trialled.

###### 

The imaging recommended for screening children following a UTI, according to the Newcastle guidelines, modified from the 1991 RCP publication

  Age categories (years)   Clinical features   Ultrasound   DMSA   MCUG
  ------------------------ ------------------- ------------ ------ ------
  \<1                      First UTI           \+           \+     \+
  1--4                     First UTI           \+           \+     
  Recurrence                                                \*     
  \>4                      First UTI           \+           \+     

\*For a child aged 1--4 years with a recurrent UTI and a previously normal MCUG, no investigations are needed. If no prior MCUG had been done, the options include having one then, or managing the child as if they were known to have VUR, and undertaking a MAG3 indirect cystogram from the age of about 3.5 years.

DMSA, dimercaptosuccinic acid; MCUG, micturating cystourethrogram; RCP, Royal College of Physicians; UTI, urinary tract infection; VUR, vesicoureteric reflux.

###### 

The imaging recommended for children following a UTI, according to the NICE CG54 guidelines, presented by age categories and clinical features. Atypical features are listed below

  Age categories (months)   Clinical features   Ultrasound   DMSA   MCUG
  ------------------------- ------------------- ------------ ------ ------
  \<6                       First, typical      \+                  
  Atypical\*                \+                  \+           \+     
  Recurrent                 \+                  \+           \+     
  6--36                     First, typical                          
  Atypical\*                \+                  \+                  
  Recurrent                 \+                  \+                  
  \>36                      First, typical                          
  Atypical\*                \+                                      
  Recurrent                 \+                  \+                  

\*Atypical features consist of: seriously ill, poor urine flow, abdominal or bladder mass, raised creatinine, septicaemia, failure to respond to treatment with suitable antibiotic within 48 h, non-*Escherichia* coli infection.

DMSA, dimercaptosuccinic acid; NICE, National Institute of Health and Care Excellence; UTI, urinary tract infection.

Patients and methods {#s2}
====================

In Newcastle, GPs serving a population of 70 800 children aged \<16 years refer those who develop a proven UTI (defined as ≥10^5^/mL colonies of a single uropathogen cultured from their urine) to a nurse-led direct-access service,[@R3] where they are imaged using a protocol based upon the RPC guidelines.[@R2] All children referred appropriately have an ultrasound and delayed dimercaptosuccinic acid (DMSA) scan after their first UTI ([table 1](#ARCHDISCHILD2013304429TB1){ref-type="table"}). Infants aged \<1 year also have a micturating cystogram to look for vesicoureteric reflux (VUR), as may children aged \<4 years with recurrences. Children who have normal DMSA scans are not considered to be at risk of developing scars with a future UTI if they are over the age of 4 years or if they are younger but have been shown not to have VUR.

The GP referral information routinely collected by the direct-access service makes it simple to identify how each child would have been managed according to the CG54 guidelines,[@R2] where the algorithm to decide upon renal tract imaging depends upon age, the presence of atypical features and recurrent infections ([table 2](#ARCHDISCHILD2013304429TB2){ref-type="table"}). We audited all children referred during 2008 and followed them up for between 3 and 4 years, until the end of 2011 to identify cases with recurrent infections. This audit was designed to evaluate a potential service development, so did not require ethics committee approval. We analysed the results in four clinically appropriate age bands: \<1, 1--3, 3--8 and 8--16 years.

Results {#s3}
=======

Five hundred and thirty-two children were referred for a proven UTI during 2008, but of these 53 were not considered to be genuine infections on culture criteria, and 29 patients did not attend any appointments ([figure 1](#ARCHDISCHILD2013304429F1){ref-type="fig"}). Of the 450 children (80.0% girls) with a proven UTI who participated in the investigation programme, 427 (94.9%) were imaged according to the RCP-based protocol because it was their first recognised UTI, while 23 who had been investigated previously were not retested because their earlier imaging was considered to exclude the risk of future scarring; 150 children would have been imaged according to the CG54 guidelines. Among these, 24 (16%) were aged \<6 months with a single typical UTI, 58 (39%) met the CG54 'atypical' criteria (all by culturing non-*Escherichia coli* uropathogens) and 66 (44%) had a recurrent UTI either at presentation (23) or before the end of 2011. Thirty children had atypical and recurrent UTIs.

![Flow chart showing the imaging that was undertaken on 532 children referred in Newcastle during 2008 with a possible urinary tract infection (UTI) following Royal College of Physicians (RCP)-based guidelines, and the imaging that would have been generated if National Institute of Health and Care Excellence (NICE\'s) CG54 had been followed. The numbers of imaging tests generated are indicated with shading, and the numbers of abnormal cases identified are shown in brackets.](archdischild-2013-304429f01){#ARCHDISCHILD2013304429F1}

The imaging outcomes and efficiency (number of children tested per abnormality detected) are shown in [table 3](#ARCHDISCHILD2013304429TB3){ref-type="table"} for both guidelines. The efficiencies for each test and for the overall imaging strategy were similar for both guidelines (p≥0.46 for all, Fisher\'s exact test), but CG54 would only have resulted in 35.1% of the children being tested. The RCP imaging schedule detected nine children with DMSA abnormalities consistent with scarring (6 with multiple lesions, 1 with a reduced kidney function), while CG54 would have detected 4 (3 multiple, none with renal impairment) and missed 5 ([figure 2](#ARCHDISCHILD2013304429F2){ref-type="fig"}). The RCP-based guidelines detected VUR in 34 ureters in 21 children (grade ≥2 in 90%), while CG54 would have been identified bilateral grade 2 reflux in 2 babies with non-*E coli* UTIs. Ultrasound detected the fewest number of abnormalities, and only identified one child (with multiple renal cysts) whose other imaging was normal.

###### 

Newcastle children imaged after a UTI during 2008, abnormalities detected and imaging efficiency, according to RCP-based and CG54 guidelines

  Children imaged, abnormalities detected and screening efficiency   All ages   By individual age ranges                                              
  ------------------------------------------------------------------ ---------- -------------------------- ------ ---- ---- ---- ---- ----- ---- ---- ----
  Children imaged                                                                                                                                     
   ...by any test                                                    427        150                               65   48   81   13   192   78   89   11
  ** **...by ultrasound                                              427        150                               65   48   81   13   192   78   89   11
  ** **...by DMSA                                                    427        89                                65   25   81   13   192   40   89   11
  ** **...by micturating cystogram                                   81         7                                 62   7    12   0    7     0    0    0
  Abnormalities detected                                                                                                                              
   ...by any test                                                    32         8                                 21   5    3    0    5     3    3    0
  ** **...by ultrasound                                              5          2                                 3    2    0    0    0     0    2    0
  ** **...by DMSA                                                    12         4                                 2    1    3    0    4     3    3    0
  ** **...by micturating cystogram                                   21         2                                 20   2    0    0    1     0    0    0
  Children screened per abnormal case                                                                                                                 
   ...by any test                                                    13         19                         0.46   3    10   27   ∞    38    26   30   ∞
  ** **...by ultrasound                                              85         75                         1.00   22   24   ∞    ∞    ∞     ∞    45   ∞
  ** **...by DMSA                                                    36         22                         1.00   33   25   27   ∞    48    13   30   ∞
  ** **...by micturating cystogram                                   4          4                          1.00   3    4    ∞    --   7     --   --   --

\*p Value probability that the ratios of cases screened per abnormal case identified are different by RCP-based and CG54 guidelines, Fisher\'s exact test.

DMSA, dimercaptosuccinic acid; RCP, Royal College of Physicians; UTI, urinary tract infection.

![Dimercaptosuccinic acid (DMSA) scan pictures from five children whose kidney scars were detected by the Royal College of Physicians (RCP) investigation guideline, but were missed by the National Institute of Health and Care Excellence (NICE) guideline.](archdischild-2013-304429f02){#ARCHDISCHILD2013304429F2}

The specificity values of the CG54 tests to identify scarring, VUR or other abnormalities were all 1 compared to the RCP guideline results because they did not identify any extra positive findings. However, the sensitivities were generally considerably lower ([table 4](#ARCHDISCHILD2013304429TB4){ref-type="table"}).

###### 

Sensitivity values for CG54 compared to using the RCP guideline, up to 8 years

                   Age groups for children up to 8 year            
  ---------------- -------------------------------------- -------- ------
  Scars            0.44                                   1.00\*   0.29
  VUR              0.10                                   0.10     0.00
  Other findings   0.40                                   0.67     0.00

\*Note that this value represents just 1 case identified.

RCP, Royal College of Physicians; VUR, vesicoureteric reflux.

Discussion {#s4}
==========

NICE\'s CG54 case selection criteria did not change the efficiency of their childhood UTI guidelines compared to the RCP-based ones. Following the CG54 guideline would have reduced the numbers of children tested by two-thirds, but would have missed over half of those who had scars, including those with multiple lesions. When following either protocol, approximately one-quarter of the cystograms undertaken demonstrated reflux. The value of detecting VUR is controversial, but we have identified a way in which this information may assist in preventing kidney scarring.[@R4]

If we had used the RCP-based guidelines but had restricted their routine use to children aged \<8 years, that would have reduced the number of children imaged by about 20%, but would still have identified 90% of the abnormal cases, including eight of the nine children with scars. Reducing the limit to \<4 years would have reduced the number of children imaged by about 50%, would still have identified about 80% of the abnormal cases, but would have missed nearly half (4/9) of the children with scars, of whom three had multiple scarring.
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